A human rotavirus AU228 strain which resembled the AU-1 strain (0. Nakagomi, T. Nakagomi, Y. Hoshino, J. Flores, and A. Z. Kapikian, J. Clin. Microbiol. 25:1l59-1164Microbiol. 25:1l59- , 1987 in its novel characteristics (that it belonged to subgroup I yet possessed a long RNA pattern) was compared with various human and animal strains by RNA-RNA hybridization in solution. This strain showed a high degree of homology with the AU-1 strain but not with either the Wa (subgroup II, long pattern) or the KUN (subgroup I, short pattern) strain, indicating the presence of an additional group of human rotaviruses that do not belong to either of the two human rotavirus families previously identified by RNA-RNA hybridization. It is of particular interest that the AU228 strain showed an unexpectedly high degree of homology with a feline rotavirus isolated recently in Japan. These results indicate transmission of a feline rotavirus to humans and suggest a role of animal rotaviruses in the evolution of human rotaviruses.
Rotavirus, the single most important etiologic agent of acute infantile diarrhea, has been recovered from a number of species, including humans, cattle, pigs, horses, rabbits, mice, dogs, cats, and birds (11). It is known that rotaviruses cross species barriers. Experimentally, human rotaviruses can infect animals and induce diarrheal illness (18, 36) . Conversely, animal rotaviruses can infect humans, as observed in field studies performed to evaluate the safety and efficacy of rotavirus vaccines (12, 32) . Taken together, these facts provide a virological basis for a zoonotic origin of novel human rotavirus strains as whole virions or by gene reassortment. However, there is not much documented evidence that such an interspecies transmission to humans has actually occurred in nature (24) .
When double-stranded RNA genomes of various rotavirus strains are analyzed by polyacrylamide gel electrophoresis, two distinct RNA patterns, short and long, are identified on the basis of the relative migration of gene segments 10 and 11 (10, 14) ; i.e., electropherotypes with slower-moving gene segments 10 and 11 are called short patterns, and those with faster-moving gene segments 10 and 11 are referred to as long patterns. With a few exceptions (1, (25) (26) (27) , short and long patterns are associated with subgroup I or II specificity, respectively (10, 14, (29) (30) (31) 33) . In contrast, most animal rotaviruses belong to subgroup I and have almost exclusively long patterns (7) . Therefore, it is predicted that a subgroup I rotavirus with a long pattern has a high likelihood of being an animal rotavirus (7) . We have previously reported a genetic study on a human rotavirus (AU-1 strain) which has these characteristics and have suggested that the AU-1 strain might be an animal rotavirus which had infected a human (24) .
During an epidemiological study, we found a rotavirus which resembled the AU-1 strain (26) . This strain, designated AU228, has been isolated from a stool specimen of a child with a history of contact with a cat. We have therefore examined the AU228 strain by RNA-RNA hybridization in comparison with various human and animal rotaviruses, including a feline rotavirus strain, to see whether the AU228 strain might be an animal rotavirus which had infected a human.
The isolation and characterization of the AU-1 and AU228 strains were described previously (13, 24, 26) . From a stool specimen that was reported to contain feline rotavirus (20) , we have recently isolated a rotavirus designated FRV-1. The serotype of the FRV-1 strain is 3, and the details of serologic characterization will be described elsewhere (O. Nakagomi et al., manuscript in preparation). In addition, the following human and animal rotavirus strains were used in this study: human rotavirus strains Wa (34) , KUN (15) , MO (15), P (35), McN (35) , and ST3 (35); simian rotavirus strains RRV (28) and SAil (16); bovine rotavirus strains NCDV (17), 0510 (21), KK-3 (22) and ; and canine rotavirus strains CU-1 (9) and RS15 (19) .
Viral RNAs were extracted with phenol-chloroform from partially purified virions as described previously (24) . A 32P-labeled AU228 probe was prepared by in vitro transcription of the genomic RNA as previously described (4) (5) (6) 24) . RNA-RNA hybridization in solution was done as previously described (5, 6, 24) . Briefly, viral RNAs were denatured by 2 min of incubation at 100°C, followed by quenching on ice for 2 min. To this was added the 32P-labeled probe (10,000 cpm for each denatured RNA). Hybridization was allowed to occur at 65°C for 16 h in a buffer containing 5 mM Tris acetate, 150 mM NaCl, 1 mM EDTA, and 0.1% sodium dodecyl sulfate (pH 7.5). In some instances, the hybrids were incubated for 30 min at 37°C in a mixture containing 100 U of Si nuclease (Boehringer GmbH, Mannheim, Federal Republic of Germany) in 50 mM NaCI-1 mM ZnSO4-5% glycerol-30 mM sodium acetate (pH 4.6) (3, 4). The RNAs were then fractionated on a 10% polyacrylamide gel. The gels were stained with ethidium bromide atnd then exposed to X-Omat AR film (Eastman Kodak Co., Rochester, N.Y.).
When double-stranded RNAs from various human and animal rotaviruses were hybridized to the 32P-labeled singlestranded RNA prepared from the AU228 strain, hybrid bands comparable to those seen in the homologous reaction were observed only between the probe and viral RNAs from the AU-1 and FRV-1 strains ( Fig. 1 and 2 ). Furthermore, these hybrids were resistant to digestion with Si nuclease (Fig. 3) . Conversely, such hybrids were seen between dou- the AU228 or FRV-1 strain (Fig. 4) ble-stranded RNAs from the AU-1 and AU228 strains and the 32P-labeled probe prepared from the FRV-1 strain (Fig.  4) . A high degree of homology was also observed when the AU-1 probe was hybridized to double-stranded RNA from stitution reassortant in which the VP7 gene derived from the AU-1 strain and 10 other genes from the UK strain previously indicated that the hybrid bands formed between the AU-1 strain and serotype 3 human rotaviruses were those that code for VP7 (24) . A hybrid formed between the AU-1 and NCDV strains which we described previously (24) was also confirmed and extended by the presence of similar hybrid bands between the AU228 probe and four bovine rotavirus strains, three of which were isolated in Japan (19) (Fig. 1) . A few hybrid bands were also formed between the AU228 probe and the canine rotavirus strains CU-1 and RS15 ( Fig. 1 and 2) .
It is of interest that viruses that were very similar in their genotypes, as well as their antigenic properties (the AU-1 and AU228 strains), were found in different geographic locations after 5 years. There are two human rotavirus families (the Wa family and the DS-1 family) identified previously by RNA-RNA hybridization studies (5, 6, 24) . The former consists of a group of viruses that belong to subgroup II and possess long patterns, and the latter comprises another group of viruses that belong to subgroup I and have short patterns. That the probe prepared from the AU228 strain did not hybridize to either the Wa family viruses or the DS-1 family virus (the KUN strain) (Fig. 1) indicated the presence of a third group of human rotaviruses which we propose to designate the AU-1 "genogroup" rather than the AU-1 family, so that the classification can conform to the taxonomic hierarchy.
Of particular interest in this study was the finding that the AU228 strain showed a high degree of homology with the feline FRV-1 strain. Flores et al. (3) have established that the genomic homology, as determined by RNA-RNA hybridization in solution, is greater among strains derived from the same animal species and that no or only a very low degree of homology was observed between rotaviruses recovered from different species. Therefore, the fact that the AU228 probe formed full-length hybrids with most, if not all, of the 11 segments of FRV-1 genomic RNA indicated a high degree of homology usually observed among rotavirus strains recovered from the same animal species. It is of interest that the FRV-1 strain belonged to serotype 3 (data not shown), the serotype to which both the AU-1 and AU228 strains belong (24, 26 it is suggested that human rotaviruses might have evolved through genetic interaction with animal rotaviruses. Since increasing numbers of subgroup I human rotaviruses with long RNA patterns are being discovered (1, (25) (26) (27) , compar- ison with human rotaviruses belonging to the AU-1 genogroup with other feline rotavirus strains (2, 8) will be required to address this question further.
